Currently, the prevalence of type 2 diabetes is still increasing worldwide and has become a major public health burden.
Introduction
Currently, the prevalence of type 2 diabetes is still increasing worldwide [1] and has become a major public health burden. [2] Type 2 diabetes is characterized by insulin resistance in most subjects and approximately 80% of patients with type 2 diabetes are overweight or obese. Obesity and insulin resistance are all associated with the risk factors of cardiovascular diseases. [3] [4] [5] Weight management is a major component of effective diabetes care, which can significantly improve the cardiovascular diseases markers (such as blood pressure, high-density lipoprotein cholesterol [HDL] , and triglycerides [TG] ) and glycemic control. [6, 7] Thus, long-term weight management is essential for the patients with type 2 diabetes.
The dietary approach to weight loss and treating type 2 diabetes is commonly used in clinical practice. Many studies suggest nutrient composition (both in energy restriction and energy balance) of dietary strategies may be important and affect glucose and lipid profile in diabetes patients. [8] [9] [10] [11] However, the optimal diet for people with diabetes is still unknown. High protein (HP) diet has been frequently used for weight loss in obese people. Currently, some studies have proved that a HP intake can enhance weight loss, glycemic control, and cardiovascular disease risk factors. [6, 12, 13] A previous meta-analysis has proved beneficial effects on weight loss, HbA1c, and blood pressure. [14] However, the controversies still exist among recent published studies. [12, [15] [16] [17] We speculated that the HP diet is benefit for the diabetes patients. Therefore, we performed this updated meta-analysis to further confirm the effect of HP diet on weight loss, glycemic control, and cardiovascular disease risk factors. In addition, the secondary purpose was to assess the effect of ratio of energy from carbohydrate and fat in diets on the results by subgroup analysis.
Materials and methods

Search strategy
A literature search was conducted in PubMed and Embase databases up to June 2018. The following key words were used: ("type 2 diabetes" or "diabetes") and ("diet" or "diets" or "dietary" or "protein" or "high protein") and "randomized." In addition, we also manually scanned the reference lists of some relevant reviews to select additional studies.
Inclusion and exclusion criteria
All included studies should meet the following criteria: the study type was randomized control trial (RCT); participants were patients with diabetes; the HP and low protein (LP) diets were applied and compared; the intervention of HP diet was kept for ≥1 month (or 4 weeks); the weight loss, glycemic control, blood lipids change, or blood pressure change after diet intervention in each group was investigated.
The exclusion criteria were: comparison was not performed based on diet composition; the ratio of energy from protein in diet intervention was equal between groups; duplicated publications; no available data; and letters, comments, or reviews.
Data extraction and quality assessment
Two investigators independently reviewed the full texts of included studies and assessed their quality. Differences were resolved by discussion to ensure consistency. The following data should be recorded in a predesigned form: first author, year of publication, country, sample size, age, sex, the duration of intervention, diets component, and the outcomes.
In addition, the design, execution, and reporting of the included studies were assessed using the Cochrane risk of bias tool, which included the following items: random sequence generation and allocation concealment (selection bias), blinding of participants and personnel (performance bias), blinding of outcome assessment (detection bias), incomplete outcome data (attrition bias), and selective reporting (reporting bias).
Statistical analysis
All analyses were performed using RevMan 5.3 software. The chi-squared and I 2 tests were used to assess the heterogeneity among studies. A P value < .1 or I 2 > 50% indicated the existence of significant heterogeneity. An appropriate statistical model (random-or fixed-effects model) was used to calculate the pooled standard mean difference (SMD) as well as the corresponding 95% confidence interval (CI) based on the results of heterogeneity testing. In addition, the subgroup analyses were performed based on the diet composition. The sensitivity analysis was performed to evaluate the stability of the results by removing each individual study from the pooled analysis. The publication bias was assessed using the funnel plot.
Results
Characteristics of included studies
After the initial literature search, totally 1022 articles were found (450 from PubMed and 572 from Embase). After excluding duplicates, 318 potentially relevant articles remained. Among them, 230 irrelevant articles were removed by scanning the titles; 59 articles were excluded by reading abstracts based on the inclusion and exclusion criteria. Then 11 articles were excluded by reading the full texts. Finally, 18 studies [11] [12] [13] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] were included in this meta-analysis. In addition, no additional studies were selected by manual search (Fig. 1) .
The characteristics of these included studies were shown in Table 1 . A total of 1099 adults with diabetes were reanalyzed in this meta-analysis. The publication year was from 2002 to 2018. These studies were, respectively, conducted in Australia (n = 7), the United States (n = 6), New Zealand (n = 1), Greece (n = 1), Sweden (n = 1), and the United Kingdom (n = 2). The subjects were all patients with type 2 diabetes. The duration of diet intervention ranged from 4 weeks to 24 months. The baseline weight/body mass index (BMI) was similar between groups in each included study. In addition, risk of bias in most studies was low or unclear, but high risk of performance bias was shown in all the included studies due to no blinding of subject or implementer (see Supplementary Table 1 . Detection or other bias risk may exist in some studies due to less rigorous study design or procedure.
Effect of HP diet on weight loss
Most of these included studies investigated the effect of HP diet on weight loss. No significant heterogeneity was found among these studies (I 2 = 0%, P > .10), so the pooled SMDs were calculated by fixed-effects model. Results showed that the HP diet did not significantly affect the body weight compared with LP diet (SMD = À0.09, 95% CI = À0.21 to 0.04, P = .17, Fig. 3A ). Similarly, there was also no significant difference between HP and LP groups in BMI (SMD = À0.06, 95% CI = À0.24 to 0.12, P = .49, Fig. 3B ), fat mass (SMD = À0.01, 95% CI = À0.18 to 0.15, P = .88, Fig. 3C ), and fat-free mass (SMD = À0.04, 95% CI = À0.27 to 0.20, P = .76, Fig. 3D ). These results indicated that Table 1 Characteristics of included studies. the weight loss of patients with type 2 diabetes HP diet could not affected by the ratio of energy from protein in diet. Figure 4 shows the results of meta-analysis for effect of HP diet on glycemic control. No significant evidence of heterogeneity among studies was found in the analysis for fasting glucose, fasting insulin, and HbA1c (I 2 < 50%, P > .10). Thus, the fixed-effects model was applied, respectively. The pooled estimate indicated that the change of fasting glucose (SMD = À0.08, 95% CI = À 0.21 to 0.06, P = .25, Fig. 4A ), fasting insulin (SMD = À0.04, 95% CI = À0.24 to 0.17, P = .71, Fig. 4B ), and HbA1c (SMD = À 0.07, 95% CI = À0.20 to 0.06, P = .27, Fig. 4C ) after HP and LP diets were similar, suggesting that the ratio of energy from protein in diets did not affect the glycemic control in patients with type 2 diabetes.
Effect of HP diet on glycemic control
Effect of HP diet on lipid metabolism
The effects of HP diet on blood lipid levels were investigated by 14 included studies. There was no significant heterogeneity (I 2 < 50%, P > .10) among these studies in the analysis for total cholesterol (TC), TG, low-density lipoprotein cholesterol (LDL), and HDL, and then the fixed-effects model was applied to pool the data. The results showed that the HP diet could significantly increase the reduction of TG (SMD = À0.20, 95% CI = À0.35 to À0.05, P = .01, Fig. 5B ) but not significantly affect the TC (SMD = À0.10, 95% CI = À0.23 to 0.03, P = .13, Fig. 5A ), LDL (SMD= À0.06, 95% CI = À0.19 to 0.07, P = .35, Fig. 5C ), and HDL (SMD = À0.03, 95% CI = À0.16 to 0.10, P = .63, Fig. 5D ) levels compared with the LP diet. Figure 6 shows the pooled estimate for the effect of HP diet on blood pressure. No significant heterogeneity suggested the use of 
Effect of HP diet on blood pressure
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Medicine fixed-effects model in the meta-analysis (I 2 < 50%, P > .10). The pooled estimate indicated that the change of diastolic (SMD = À 0.08, 95% CI = À0.22 to 0.06, P = .27, Fig. 6A ) and systolic (SMD = À0.08, 95% CI = À0.21 to À0.05, P = .25, Fig. 6B ) blood pressures was not significantly affected by HP diet in HP group compared with that in LP group.
Subgroup analysis
In total, 6 studies compared the HP low carbohydrate (HPLC) and LP high carbohydrate (LPHC) diets (which showed similar ratio of energy from fat) and 9 studies compared HPLC high fat (HPLCHF) and LPHC low fat (LPHCLF) diets. The results of subgroup analyses were shown in Table 2 . In subgroup analyses, the significant effect of HP diet on TG disappeared in subgroup analysis of HPLC versus LPHC diets (SMD = À0.13, 95% CI = À0.52 to 0.25, P = .51), which were inconsistent with the overall analyses. Meanwhile, the inconsistent results with the overall meta-analyses were also found in the subgroup analyses for weight. These results showed significant effect of HPLCHF diet on weight loss compared with LPHCLF diet (SMD = À0.21, 95% CI = À0.38 to À0.04, P = .02).
Sensitivity analysis and publication bias
Sensitivity analysis showed that after omitting the data of the studies of Krebs 2012 (SMD = À0.15, 95% CI = À0.30 to À0.01, Figure 4 . Meta-analysis for effect of high protein diet on fasting glucose (A), fasting insulin (B), and HbA1c (C).
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Medicine P = .04), the result of analysis for weight was changed; after excluding the study of Tay 2014, the results of analyses for TG (SMD = À0.14, 955 CI = À0.30 to 0.02, P = .09) were affected. In addition, the funnel plot (based on the data of weight) showed the study of Daly 2006 significantly deviate from the central axis (Fig. 7) . However, sensitivity analysis showed no change of study result after excluding the study of Daly 2006.
Discussion
In this meta-analysis, the results were inconsistent with that in the previous meta-analysis. [14] In the present meta-analysis, results showed that the HP diet could not significantly improve the weight loss, glycemic control of patients with type 2 diabetes but there may be significant effect of HP diet on lipid metabolism. The inconsistent results may be caused by the difference in included studies. The present studies included more studies and the sample size was larger than that in the previous study. [14] Moreover, beside body weight, BMI, fat mass, and fat-free mass were also assessed in this meta-analysis to provide more evidences for the effect of HP diet on weight loss; fasting insulin was also analyzed to show the effect of HP diet on glycemic control. In addition, sensitivity analyses and subgroup analyses all indicated consistent results with the overall analysis for the parameters of weight loss and glycemic control. Thus, this meta-analysis provided more evidences to prove no significant effect of HP diet on weight loss and glycemic control in patients with type 2 diabetes, compared with LP diet.
The results also showed that HP diet could significantly affect the TG level of patients with type 2 diabetes, when compared with the LP diets. Sensitivity analysis showed that, after excluding the study of Tay 2014 (HPLCHF vs. LPHCLF), the results changed. Meanwhile, subgroup analyses by HPLC versus LPHC (equal ratio of energy from fat) showed the inconsistent results with the overall analyses. These results indicated that the ratio of energy from fat or carbohydrate in diet may affect the effect of HP diet on TG level. As known for us, HF diets can induce the change of lipid metabolism. [30, 31] Moreover, it was reported different carbohydrate and types of fat intake could result in different TG levels. [32, 33] Thus, it is important to further explore the effect of ratio of energy from fat or carbohydrate in diet on the results and confirm the optimal nutrition component. Similarly, for weight, sensitivity analysis showed that, after excluding the study of Krebs 2012 (HPLC vs. LPHC), the significant effect of HP diet on weight loss presented. Subgroup analyses also showed that the effect of HP diet on weight may be affected by the ratio of energy from fat or carbohydrate in diet. The patients received HPLCHF diet is benefit for weight loss than LPHCLF. More studies should be performed to confirm the results of this study.
In addition, TG is one of the risk factors of cardiovascular diseases. [34, 35] These results indicated HP diet is of benefit for the improvement of risk factors of cardiovascular diseases, and then decrease the risk of cardiovascular diseases in patients with type 2 diabetes. Thus, the HP diet may be benefit for reducing risk of cardiovascular diseases in patients with type 2 diabetes. The investigation on it will be performed in future studies.
There were some limitations in this meta-analysis. First, the treatment time of these studies was greatly different, from 4 weeks to 24 months, which could be another barrier for subgroup analysis. Second, there were many confounding factors (such as country, ethnicity, study design, duration of intervention), which may affect the results of this meta-analysis. Besides, nonsignificant different was found in weight loss, glycemic control, and blood pressure, which may be caused by the impact of some important variables that influence the metabolism sex, age, and duration of intervention. Thus, the results of this study should be further verified by more RCTs with larger sample size and longer follow up.
Conclusion
In conclusion, HP diet could be indicated to obtain beneficial results in weight loss and lipid metabolism. Based on the radio in all the included studies, the HP diet with about 30% protein is appropriate. The broader implications of HP diet on patients with type 2 diabetes should be further investigated. 
Author contributions
